Introduction
P apillary thyroid carcinoma (PTC) is the most common malignancy of the thyroid. To date, several clinicopathological features predicting a poor prognosis of PTC patients have been identified, including old age, extrathyroid and/or extranodal extension, clinical lymph-node and/or distant metastasis, and large tumor size (1) (2) (3) (4) . In 2011, Miyauchi et al. showed that, in thyroglobulin antibody (TgAb)-negative patients who underwent total thyroidectomy, short Tg-doubling time (£ 2 years) more strongly influenced cause-specific survival (CSS) than the above clinicopathological features (5) , and Tsushima et al. recently demonstrated that TgAb-positive patients with no postoperative decrease in the TgAb level showed a poorer disease-free survival (DFS) rate (6) . PTC without these features, however, is generally indolent with an excellent prognosis.
PTC measuring 10 mm or less is defined as papillary microcarcinoma (PTMC), and the prevalence of ultrasonography and ultrasonography-guided fine-needle aspiration biopsy (FNAB) has made it possible to detect PTMC measuring 3 mm or more. Most PTMC are very indolent unless they have one or more of the aggressive features indicated above, and a high incidence of PTMC has been confirmed in autopsies and screenings by ultrasonography.
Autopsy studies showed that the detection rate of PTMC measuring 3-9.9 mm ranged from 0.5% to 5.2% (7) (8) (9) (10) . Takebe et al. performed a mass screening for thyroid cancer using ultrasound and ultrasound-guided FNAB, and they found thyroid carcinoma in 3.5% of otherwise healthy women aged Department of Surgery, Kuma Hospital, Kobe, Japan. 30 years or older, and 75% of the carcinomas measured 15 mm or less (11) . The prevalence of subclinical PTMC was thus found to be about 1000 times higher than that of clinical thyroid carcinoma (1.9-11.7 per 100,000 females) (7, 11) .
These findings strongly suggest that most low-risk PTMC lacking aggressive features are harmless, and immediate surgery for all of them is definitely an overtreatment. It can be assumed that all advanced thyroid PTC were PTMC in the past. To date, however, only periodical observation can distinguish progressive PTMC from harmless PTMC accounting for their majority. Based on this concept, our coauthor (Akira Miyauchi) proposed an observation trial without immediate surgery for low-risk PTMC as an alternative to immediate surgery at a meeting at Kuma Hospital in 1993, which was approved. We reported promising results of this trial in 2003 and 2010 (12, 13) .
In the present study, we focused on the relationship between PTMC progression and patient age. Age is an important prognostic factor of thyroid papillary and follicular carcinomas and has been adopted in prominent classification systems such as TNM, AMES, and MACIS (14-16). Mazzaferri et al. demonstrated that recurrences of papillary and follicular carcinomas were most frequent at the extremes of age (<20 and >59 years), but their mortality rates successively increased with patient age older than 40 years (17) . In 2013, Miyauchi et al. divided TgAbnegative PTC patients into three subsets based on age-young (< 40 years), middle-aged (40-59 years), and old patients ( ‡ 60 years)-and the results showed that biochemical persistent disease (BPD; Tg detectable after total thyroidectomy under thyrotropin [TSH] suppression) was more frequent in young and old patients than in middle-aged patients (18) . Miyauchi et al. also showed that the incidence of a short Tg-doubling time was much higher among old patients than the other two subsets (18) . These findings strongly suggested that, in clinical PTC, CSS becomes poor with old age, but DFS shows a biphasic pattern for patient age, which prompted us to investigate how patient age influences the progression of low-risk PTMC during observation. In this study, we show the differences and similarities between subclinical PTMC on observation and clinical PTC in relation to patient age.
Patients and Methods

Diagnosis and observation of papillary microcarcinoma patients
The diagnosis of PTC was based on ultrasonographyguided FNAB. When the PTC measured 10 mm or less, we presented two management options to the patient: observation alone or surgical treatment. Exclusion criteria for observation were: (i) the presence of regional lymph-node metastasis or distant metastasis, (ii) signs or symptoms of invasion to the recurrent laryngeal nerve or trachea, (iii) FNAB findings suggesting high-grade malignancy, and (iv) tumors located adjacent to the recurrent laryngeal nerve or trachea. For patients with these features, immediate surgery without observation was recommended.
Patients who chose observation underwent periodical follow-up on ultrasonography once or twice per year as described (12, 13) . Fifty-one patients (4%) patients underwent TSH suppression with levothyroxine based on physician preference. Of these, 2, 24, and 25 patients were aged younger than 40 years, 40-59 years, and 60 years or older respectively. Patients whose PTMC showed signs of progression such as significant size enlargement and novel appearance of lymph-node metastasis were also advised to undergo surgery at that point.
Patient series
Between 1993 and 2011, 1235 patients at Kuma Hospital were diagnosed as having PTMC and were under observation for 18 months or longer. This series included 340 patients enrolled in our last study (13) . The backgrounds and clinicopathological features of the 1235 patients are summarized in Table 1 . Sixtyone patients (5%) had one or more first-degree relatives with differentiated thyroid carcinoma and were diagnosed as having familial nonmedullary thyroid carcinoma (FNMTC) in the present study. The criteria of FNMTC were the same as those established in previous reports by Uchino et al. and by our own group (19, 20) . The average period of observation was 60 months (18-227 months). To date, 191 patients (16%) underwent surgery after observation for various reasons such as carcinoma progression (size enlargement or novel appearance of lymph-node metastasis), enlargement of a coexisting follicular tumor or multinodular goiter, difficulty in controlling coexisting Graves' disease, changes in the preference of the patient, and decision of a different attending physician. The average postoperative follow-up period was 75 months (1-246 months). We postoperatively followed the patients as described (1) (2) (3) (4) .
Evaluation of carcinoma progression on observation
On observation, we set three parameters for the evaluation of PTMC progression in this study: (i) size enlargement, (ii) novel Values are presented as number (percent), with the percentages rounded down to whole numbers.
FNMTC, familial nonmedullary thyroid carcinoma.
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appearance of lymph-node metastasis, and (iii) progression to clinical disease. We defined tumor enlargement as when the tumor's size increased by 3 mm or more compared with that at the beginning of the observation. Regional lymph-node metastasis was diagnosed on ultrasonography based on criteria described previously (12, 13) . When a suspicious node was detected on ultrasonography, we performed FNAB for the node and measured the Tg in the washout of the needles used for the FNAB (21) to diagnose whether the lymph node was metastatic or reactive.
We defined progression to clinical disease as the tumor size reaching 12 mm or larger, or the novel appearance of lymphnode metastasis. The appearance of lymph-node metastasis is thought to be a sign of an aggressive nature of the cancer. We thought that increase in size by 3 mm for very small PTMC without other unfavorable signs might not be critically important, and these patients could be kept on observation. This is based on our experience that the PTMC often fluctuate in size as described previously (22) . We tentatively set the upper limit of tumor size for observation at 12 mm This parameter included all patients with novel appearance of node metastasis and some patients with size enlargement to 12 mm or larger.
Surgery after observation
We generally perform hemithyroidectomy (lobectomy with isthmectomy) when a carcinoma lesion is solitary and there is no evidence of nodal involvement. We generally perform a total thyroidectomy if: (i) carcinoma lesions are multiple, (ii) other pathological lesions such as follicular tumor and multinodular goiter are present in the contralateral lobe, or the patient has Graves' disease, or (iii) clinical lymphnode metastasis is detected. We perform therapeutic lymphnode dissection for patients with novel appearance of node metastasis. For prophylactic node dissection, our policy is to perform ipsilateral and bilateral central node dissection in cases of hemithyroidectomy and total thyroidectomy respectively. In this retrospective study, however, other thyroidectomies such as subtotal thyroidectomy and isthmectomy and prophylactic lateral compartment dissection had been performed for some patients for various reasons.
Statistical analyses
The chi-square test was employed to compare variables. The Kaplan-Meier method and log-rank test were adopted to analyze time-dependent variables. The Cox regression model was also adopted for the multivariate analysis. These analyses were performed using StatView-J v5.0. A p-value of less than 0.05 was regarded as significant, and that between 0.05 and 0.1 was considered marginal.
Results
Of the 1235 patients, 58 (4.6%) showed size enlargement, 19 (1.5%) showed a novel appearance of lymph-node metastasis (4 in the central and 15 in the lateral compartments), and 43 (3.5%) showed progression to clinical disease. We then divided the patients into three subsets based on their age at the initiation of their observation: young ( < 40 years, 169 patients), middle-aged (40-59 years, 570 patients), and old patients ( ‡ 60 years, 496 patients) in accordance with the study by Miyauchi et al. (18) . Table 2 indicates the relationship between carcinoma progression and the three subsets of patients. The incidence of size enlargement, novel appearance of lymph-node metastasis, and progression to clinical disease were each significantly inversely related to patient age.
The proportion of PTMC progression in our entire series, as assessed by the Kaplan-Meier method, is shown in Figures 1-3 . The incidence rates of size enlargement, novel appearance Table 3 summarizes the number of patients at risk and the incidence rates at the 5-year and 10-year observations in each subset. The multivariate analysis revealed that young age ( < 40 years) independently reflected PTMC progression (Tables 4-6 ). Tumor size 9 mm or larger was also an independent predictor of progression to clinical disease (Table 6) . Although only 51 patients underwent TSH suppression, 50 of them (98.0%) were clinically stable. This incidence is larger than that in patients without TSH suppression (95.2%; 1130 of 1187 patients), although the difference did not reach significance. Since none of the patients who underwent TSH suppression showed novel node metastasis or progression to clinical disease, we did not include TSH suppression in the variables for multivariate analysis (Tables 5 and 6) . Tables 7-9 indicate multivariate analysis of predictors of size enlargement, novel lymph node appearance, and becoming clinical disease in the subsets of middle-aged patients and old patients. Middle age had a significant and marginal predictive value for size enlargement ( Table 7) and progression to clinical disease (Table 9) respectively. Tumor size ‡ 9 mm and tumor size 6-8 mm were independent and marginal predictors of progression to clinical disease respectively ( Table 9) . None of the patients who underwent TSH suppression showed carcinoma progression (Tables 7-9 ).
The surgery of 5 of the 191 patients who underwent surgery after observation was performed in other hospitals. Table 10 indicates the extent of surgery and pathological findings of the remaining 186 patients. Total thyroidectomy was performed in 93 patients (50%), and the remaining patients underwent limited thyroidectomy such as lobectomy with isthmectomy (44%), subtotal thyroidectomy (4%), and isthmectomy (3%). As described in Patients and Methods, we routinely dissect the central compartment. In the present patient series, we dissected the central compartment in all 186 
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patients, including four who showed a novel appearance of central node metastasis. Thirteen patients underwent therapeutic lateral node dissection and 21 underwent prophylactic lateral node dissection. The remaining two who showed lateral node metastasis during observation underwent surgery at other hospitals and are not listed in Table 10 . To date, only one of these 186 patients had PTC recurrence. This patient was one of the 93 patients (1.1%) who underwent limited thyroidectomy; the PTC recurred in the remnant thyroid 130 months after surgery. This patient is, however, still under observation because the recurred lesion is small and has been stable for 12 months after the detection of the recurred lesion.
To date, none of the 1235 patients in our series who underwent observation, including the 191 who underwent surgery after observation, showed distant metastasis or died of PTC. By questionnaire, we confirmed that six patients, who had undergone observation, died of other diseases such as breast carcinoma, lung carcinoma, and brain hemorrhage without undergoing surgery for PTC.
Discussion
In this study, we demonstrate that in 1235 patients with low-risk PTMC on observation, (i) the incidence rates of size enlargement, novel appearance of lymph-node metastasis, and progression to clinical disease were 8.0%, 3.8%, and 6.8% None of the patients who underwent TSH suppression or has family history showed novel node metastasis. at their 10-year observation respectively; (ii) the proportion of PTMC progression was lowest in old ( ‡ 60 years) patients and highest in the young patients (< 40 years); and (iii) in the multivariate analysis, young age was an independent predictor of PTMC progression, and in the subsets of middleaged and old patients ( ‡ 40 years), middle age was an independent or marginal predictor of size enlargement and progression to clinical disease.
The incidence rates of size enlargement at the 5-and 10-year observations in this study were 4.9% and 8.0% respectively, which were lower than those in our previous study (6.4% and 15.9%) (13) . This might be because of the increase in the number of patients at risk at the 5-and 10-year observations. Sugitani et al. showed that the average age of patients who had PTMC with enlargement was younger than the average age of patients with PTMC without enlargement (50.6 years vs. 54.6 years) (23), but they did not perform a longitudinal analysis. In the present study, we divided the patient series into three subsets based on age: young (< 40 years), middleaged (40-59 years), and old patients ( ‡ 60 years), and compared the proportions of PTMC progression among these subsets in univariate and multivariate analyses. Interestingly, the PTMCs in the old patients were the most likely to stay small and stable, which is very discrepant with the repeated finding in clinical PTC that old age is the strongest predictor of cancer-specific death (1-4) and significantly related to short Tg-doubling time (18) . We emphasize the significant differences in tumor biology between subclinical PTMC and clinically advanced PTC in elderly patients. Our data indicate that old patients with subclinical low-risk PTMC are the best candidates for observation.
Conversely, the PTMCs of the young patients were significantly more progressive than those of middle-aged or old patients (Figs. 4-6 ). This finding was consistent with the high recurrence rate of clinical PTC among young patients (17, 24) . However, the CSS of young patients has been reported to be excellent (17, 24) and their incidence of short Tg-doubling time was described as very low (18) . To date, none of the 1235 patients in our series who underwent observation, including the 191 who underwent surgery after observation, showed distant metastasis or died of PTC. Therefore, young patients with PTMC can also be candidates for observation, since it would not be too late for surgery if their subclinical PTMC turned into clinical disease.
In the present study, we found that only a small portion of the PTMCs showed progression and required surgery; the vast majority remained subclinical. Another very important finding is that the activity of PTMC progression was inversely related to patient age. Autopsy studies demonstrated that the incidence of latent carcinoma was lower in childhood than in adulthood (25), but did not increase with age in adulthood (7, (25) (26) (27) . These findings indicate that the majority of PTMCs arise while patients are young and lose their growth activity with age, staying small for the rest of the patient's life. If PTMCs arise at any stage of adulthood, the incidence of latent PTMC would increase with age in a linear fashion. We therefore speculate that only a small portion of PTMCs regain their growth activity with aging and become clinical PTC with a poor prognosis.
TSH suppression in addition to observation may be effective to prevent the progression of PTMC, because only 1 of 51 patients (2%), who underwent TSH suppression, showed size enlargement in comparison to 57 of 1184 patients (4.8%) without TSH suppression. None of the patients with TSH suppression showed novel appearance of nodal metastasis or developed clinical disease. However, in our series, only 4% of the patients underwent TSH suppression, and further prospective studies of large numbers of patients are therefore needed to draw any definitive conclusions.
Although larger tumor size ( ‡ 9 mm) was not an independent predictor of size enlargement or novel appearance of lymph-node metastasis, it was significantly related to progression to clinical disease in the entire patient series and the subsets of middle-aged and old patients (Table 9 ). This may be due to our definition of progression to clinical disease. Tumors that are large from the beginning naturally reach 12 mm more easily.
In the series of patients who underwent surgery after observation, 1 of the 93 patients (1.1%) who underwent limited thyroidectomy had a recurrence in the remnant thyroid. This is consistent with our previous finding that, in solitary T1N0M0 patients who underwent limited thyroidectomy, the recurrence rate for the remnant thyroid was 1% (28) . The prognosis of solitary T1N0M0 patients was excellent (28) , indicating that total thyroidectomy is not always necessary for PTMC patients who undergo surgery after observation, unless they became node-positive due to a novel appearance of lymph-node metastasis, or they have multiple carcinoma lesions, a positive family history, or other pathological lesions in the contralateral lobe. The present data also suggest that thyroid ablation may not be necessary in patients who underwent total thyroidectomy and central node dissection for PTMC.
We routinely perform prophylactic central node dissection for surgery for PTMC after observation. Central node metastasis is difficult to detect in preoperative imaging studies (29) , and our previous study demonstrated that 9 .8% of PTMC located in one lobe had node metastasis in the contralateral central compartment (30) . The Guidelines by the Japanese Both minimally extended to the muscular layer of the esophagus.
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Society of Thyroid Surgeons and the Japan Association of Endocrine Surgeons also recommend routine central node dissection to prevent reoperation for recurrence to this compartment that may induce severe complications such as recurrent laryngeal nerve injury and persistent hypoparathyroidism, although it is not evident that routine central compartment dissection improves the survival of patients (31) .
In summary, we demonstrate that subclinical low-risk PTMC can be observed without immediate surgery, and especially, old patients with PTMC might be the best candidates for observation. Although PTMC in young patients may be more progressive than PTMC in older patients, it might not be too late to perform surgery after subclinical PTMC has progressed to clinical disease.
